Abstract
Introduction
Hepatitis C (HCV) is an RNA virus that predominantly affects the liver, although it can also affect the lymphatic, digestive, immune and nervous systems. HCV leads to inflammation, fibrosis and eventually cirrhosis of the liver if left untreated. It also increases the risk of hepatocellular carcinoma. People who inject drugs (PWID) account for more than 90% of new HCV infections globally. The prevalence of anti-HCV antibodies varies between countries but the majority report prevalence estimates above 60% [1] . HCV treatment in PWID has comparable sustained virological response (SVR) rates to those who do not inject drugs [2] . Modelling studies suggest that increasing the treatment rates among PWID could prevent onwards transmission and dramatically reduce HCV prevalence [3] . Treatment of PWID is recommended in international guidelines [4, 5] . Despite these factors, there remain numerous barriers to provision of treatment in this population [6] . One such barrier is the perception of high rates of reinfection in PWID.
The main aim of this study was to determine if patients who have been successfully treated for HCV and who were currently injecting drug users at the time of treatment have comparable rates of reinfection to those who injected drugs in the past (but stopped at least 6 months before treatment start).
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•HCV reinfection rate in all 60 PWID was 0.80 cases per 100 person years (95% CI, 0.10 to 2.88)
Methods
•Reinfection rate in 'current' injecting group was 1.34 cases per 100 person years (95% CI, 0.16 to 4.76) and the reinfection rate in those who share injecting paraphernalia post treatment is 3.52 per 100 person years (95% CI, 0.43 to 12.14).
A database at North Manchester Hospital details all patients started on Hepatitis C treatment since 2004. This database was accessed and those patients with injecting drug use at any time as their risk factor for acquisition of HCV were identified. Records of those who injected drugs in the 6 months prior to treatment were collated, including those who continued to inject during treatment. These were classed as the 'current' drug using group. Another group of patients that stopped injecting drugs at least 6 months prior to commencing treatment were identified as the 'past' drug using group. Telephone contact was attempted in the first instance on at least two separate occasions. If successful the study was verbally explained and information was sent via mail for them to read through. A second telephone contact was conducted to determine if they wished to participate and to organise a consent visit if they did. There were twelve (20%) participants recruited via this method. If the initial telephone contact was unsuccessful any new contact details were ascertained from their General Practitioner. Written information and a study invitation letter were sent via mail to them. The remaining 48 (80%) participants were recruited via this method.
A total of 45 current IDUs were invited to participate. We identified a total of 46 from the whole database but one had died. A matched number of past IDUs were invited to participate. Participants were compensated for their time with a payment of £30 cash per visit to cover travel expenses.
Patients were followed up to collect data on outcomes including reinfection rates using annual HCV RNA (with subsequent genotyping if HCV RNA positive) and liver disease progression using standard liver function blood tests and a Fibroscan™ (a noninvasive method to assess liver fibrosis and cirrhosis). The participants were asked to attend for 2 visits in total at least one year apart. Any positive HCV RNA results were confirmed by subsequent testing and referred for further genotype testing and were offered treatment.
Key points
•Demonstrates low reinfection rates even in the highest risk injecting groups.
• This study reinforces the need to prioritise future DAA treatment for PWID to have a discernible impact on incidence of HCV as we move towards HCV elimination.
The first visit involved a full discussion of the study and then written informed consent was obtained. Out of the 60 patients who attended for their first visit, 32 (53%) of them attended at least one year later for a second visit. Of these 32 patients, 19 (59%) were from the current IDU group. The following inclusion criteria were used in this study: aged 18 years or older, previous HCV treatment achieving SVR, a history of intravenous drug use and the participant must be able to give informed consent. The following exclusion criteria were used: Co-infection with hepatitis B or HIV, participants must not be in prison. Pregnant females were excluded as well any participant who did not achieve SVR with treatment. If they were unable to give informed consent they were also excluded.
Data Collected
A questionnaire regarding drug use post treatment was completed to detail any high risk practises. They were also questioned again about drug use during treatment in order to confirm which group of drug use they should be assigned to and to reduce the possibility of previous underreporting due to fear of exclusion from the initial treatment programme. After completion of the questionnaire, safe injection technique was discussed with each participant. Alcohol intake was also assessed using the cut off of 21 units per week for males and 14 units per week for females [7] .
Statistical analysis
Demographic data is summarised using descriptive statistics. Incidence rates for reinfection are presented as cases per 100 person years and binomial 95% confidence intervals are given. The reinfection rates have been calculated for all PWID and separately for the 'current' group to allow comparison. The SPSS statistics Version 22 (IBM, Chicago, Illinois, USA) was used to summarise the health domains data and logistic regression analyses were performed to examine factors associated with fibrosis. Two-sided p values <0.05 were considered statistically significant. This study was reviewed by and given a favourable ethical opinion by the National Research Ethics Service North West -Greater Manchester South Ethics Committee in 2011 (NW/11/0258). All patients provided written consent prior to any study related participation.
Ethics
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There were two cases of reinfection identified in this study, both in the 'current' injecting group ( Table 2 ). The total duration of participant follow up post SVR in all 60 participants was 248.6 years (mean follow up of 50 months, range 11 months to 95 months). The total rate of reinfection in all participants was 0.80 cases per 100 person years (2/248.6 = 0.008x100 = 0.80). The 95% confidence intervals are 0.001 to 0.0288 (0.10 cases per 100 person years to 2.88 cases per 100 person years).
Results
In those patients who injected up to and at the time of treatment (the 'current' group), 38.9% (14 out of 36) stopped injecting drugs after treatment and did not restart. 61.1% continued to inject drugs post treatment, of which 59% admitted to sharing of injecting paraphernalia. None of the 'past' drug using group restarted injecting during or after treatment. Examining the 'past' group and their injecting habits it can be seen that 62.5% of this group admitted to sharing injecting paraphernalia when they did inject. The most commonly injected drug was heroin in 83.3%, followed by crack cocaine in 40% and amphetamines in 6.7%. The median age was 43 years (Table 1) .
A Fibroscan was performed at each visit. A cut off of 12.5kPa as the F3/F4 staging was used to define significant fibrosis/cirrhosis (as suggested by Echosense, the manufactures of the Fibroscan™) and 14.5kPa to represent more definitive F4 staging. A total of 10% of this cohort had a Fibroscan score above 12.5kPa representing significant fibrosis/cirrhosis. A further 20% of the participants had an increase in their Fibroscan™ score readings since treatment despite the absence of HCV infection. Logistic regression analysis was performed to examine for any potential statistically significant factors affecting fibrosis. The difference in Fibroscan™ readings, age, sex, alcohol consumption (above or below recommended limits), genotype and injecting status (current or past group) were all entered into the analysis. There were no factors analysed that were associated with a statistically significant effect on fibrosis progression in this cohort of patients post SVR. The total duration of patient follow up in only the 'current' group (36 participants) was 149 years. The total rate of reinfection in only the 'current' group was 1.34 cases per 100 person years (2/149 = 0.0134x100= 1.34). The 95% confidence intervals are 0.0016 to 0.0476 (0.16 cases per 100 person years to 4.76 cases per 100 person years).
PAST (%) PAST (n=24) CURRENT (%) CURRENT (n=36)
The total duration of patient follow up in only those in the current group with ongoing intravenous drug use post treatment (19 participants, 59% of the current group) was 90 years. The rate of reinfection in these participants (61% of the current group) was 2.22 cases per 100 person years (2/90 = 0.222x100 = 2.22). The 95% confidence intervals are 0.27 to 7.2 cases per 100 person years. If we then further examine those who continue to inject post treatment and continued to share injecting paraphernalia, making their injecting practises very high risk, the total duration of patient follow up is 56.83 years. The rate of reinfection is 3.52 per 100 person years (2/56.83 = 0.0352x100 = 3.52). The 95% confidence intervals are 0.43 to 12.14 cases per 100 person years.
Demographic details of the 'current' and 'past' groups are shown in Table 1 .
The two cases of reinfection were both reinfected with a different genotype to the original one cleared with treatment. Case one, participant number 10, was originally infected with genotype 1 hepatitis C and treated and achieved SVR four years prior to entry into this study. At study visit 1 he remained HCV negative. However, at visit 2 his HCV RNA was 3725 IU/ml. The reinfection genotype was confirmed as genotype 3. Multiple attempts to contact him through telephone and letter failed. His GP was also contacted. All attempts to reassess the patient have been unsuccessful to date. It is therefore unknown if this is a persistent reinfection with sustained viraemia requiring further treatment; or if in fact he has managed to spontaneously clear the genotype 3 HCV reinfection.
Reinfection Cases
The second case of reinfection, participant number 48, was initially infected with genotype 3 Hepatitis C and treated and achieved SVR thirty months prior to study entry. It is noteworthy that he consumed 112 units of alcohol per week at study entry. He also admitted to sharing injecting paraphernalia on a weekly basis. At visit 1 his HCV RNA was 2569854 IU/ml. On this occasion he was reinfected with HCV genotype 1. This participant was reassessed and a repeat HCV RNA at least 6 months later confirmed persistent reinfection. He was referred back to the hepatitis team at the hospital. He agreed to be retreated for hepatitis C with pegylated interferon, ribavirin and bocepravir. His 12 week and 24 week post treatment HCV RNA were both negative, confirming a sustained virological response, as seen in Table 2 .
Discussion
The rate of reinfection in this study was low, in line with similar studies detailed below. This is the first study that has looked at reinfection in those who actively inject drugs in the 6 months leading up to and during treatment, without the need for opiate substitution therapy (OST) initiation as a criterion for treatment, and to compare this to a 'past' drug using group in the same centre. In other reinfection studies there has been a need for abstinence from injecting for 6 months prior to treatment or the use of OST. In this study all patients in the 'current' group were included in the reinfection analysis. A key strength of this study is the high inclusion rate (80%) in the current drug using group treated at our centre. This has minimised any potential selection bias. This study also provides one of the longest follow-up periods in any reinfection study to date. The inclusion of the past drug using group strengthened the study design. One possible explanation for the lower uptake in the past drug using group to this study could be that HCV is no longer a priority in their life, especially if they stopped injecting Volume 1 | Issue 1 ScholArena | www.scholarena.com
In our study, in the group who had been abstinent from injecting for 6 months prior to treatment there were no cases of reinfection. Furthermore, no one resumed injection drug use in this group. This cut off of 6 months abstinence was an excellent predictor of reduced risk of relapse to injecting drug use in this population. Over half of those who did inject post treatment shared paraphernalia. It is vital that harm reduction measures are included in the treatment package for 'current' PWID. This will support future provision of DAA therapy in this group and help address reinfection concerns.
This study additionally supports a low rate of reinfection in the 'current' drug injecting population. This remains true even when selecting out those who have high risk injecting practises. Those who continue to inject post treatment and continue to share paraphernalia (19 participants) have a reinfection rate of 3.52 per 100 person years (95% confidence intervals 0.43 to 12.14 cases per 100 person years). Targeting this population for treatment is needed, rather than putting up barriers to treating them. Lewis, et al., presented reinfection data in 2011 [8] . Their cohort was based in nurse led community addiction services in London and 59% actively injected drug at the time of treatment. Only one case of reinfection was seen in the 81 patients who received interferon based therapy. It is not stated if this case was an actively injecting drug user at the time of start of treatment or not. Length of follow up is also not detailed. Nonetheless, it adds further evidence that the rate of reinfection is low in this population.
Grebely, et al., reported a trial of directly observed interferon based therapy in patients with a history of injecting drug use, in which 46% relapsed to injecting drugs post treatment [9] . There were two cases of reinfection seen, with one of those spontaneously clearing the infection. This equates to 5.3 cases per 100 person years (95% CI, 0.6-19.2).
Dalgard, et al., also looked at reinfection rates post SVR with interferon based treatment [10] . This Norwegian population all had 6 months abstinence from injecting drug use prior to treatment. The rate of persistent reinfection in the 37 patients who relapsed to injecting drug post treatment was 4.9 cases per 100 person years (95% CI, 2.3 -8.9). The rate of relapse to injecting drug use is considerably higher than in our study where no patient who had been abstinent from injecting drug use for 6 months prior to treatment relapsed to injecting drug use.
A meta-analysis by Aspinal, et al., reported similarly low rates of reinfection [11] . In those patients who continued injecting drug use post treatment, the reinfection rate was 6.4 cases per 100 person years (95% CI, 2.5-16.7).
Weir, et al., used opiate or injection related hospital admission post SVR as a proxy for ongoing active drug use in their study [12] . This sub section of their cohort had a reinfection rate of 5.68 per 100 person years (95% CI, 1.84-13.26).
Marco, et al., looked at reinfection in those who were treated and obtained SVR whilst in prison [13] . 10.1% of their cohort injected drugs during or after treatment. In this group the rate of reinfection was 33.01 cases per 100 person years (95% CI, 11.4 to 60.1). many years ago and perceive their risk of reinfection to be very low or zero. In the study population, 59% of those who continued to inject post treatment continued to share injecting paraphernalia. Despite this they did not become reinfected with Hepatitis C.
Further data to support these low reinfection rates is starting to emerge from DAA studies that include PWID. An example is Merck's C-Edge Co-Star trial that looked at the safety and efficacy of Elbasvir/Grazoprevir in patients who inject drugs [2] . All participants had to be receiving opiate substitution therapy. Active injecting drug use was not an exclusion criterion and urine drug screens were collected throughout treatment to confirm ongoing use. SVR 12 rates of 95.5% to 96.6% were achieved. There were 6 cases of probable reinfection in this study. The total duration of patient years follow in this study was 130.6 years. This equates to 4.6 reinfections per 100 person-years (95% CI, 1.7 to 10.0). SVR rates in excess of 95% have now been seen across all genotypes with the DAAs including the harder to treat groups such as cirrhotic patients and previous null responders to treatment. The biggest barrier to providing all patients with the new DAAs is cost.
A key limitation of this study is the frequency of sampling for HCV RNA. Annual sampling may miss those reinfections that the patient clears spontaneously and the incidence of all reinfection episodes is likely to be higher. However, it is those with persistent viraemia and therefore persistent reinfection that are important to quantify. This is because much of the physicians' reluctance to treat 'current' drug users comes from the perception that reinfection will occur resulting in the need for further repeated courses of treatment. Whilst those transient reinfections that we may miss are very important in terms of onwards transmission, they do not result in the need for further treatment.
Another limitation is that data collected retrospectively from patient notes could be subject to information bias due to under reporting of injecting behaviour at the time of first treatment. Furthermore the self-reported behaviour data gathered in the drug and alcohol questionnaires could be subject to recall bias. A further limitation was the decision not to use urine drug screens. The use of urine drug screens at visits 1 and 2 would have helped confirm the use of any illicit drugs, rather than relying on selfreported behaviour. The fact that each participant received interferon based therapy, which can be associated with severe side effects may have also impacted on risk behaviour. It is possible that a larger number of current PWID may have stopped injecting post treatment if treated with directly acting antivirals (DAAs) that are not associated with such severe side effects. A limitation in the Fibroscan™ data is the time period between visits. The maximum interval between each Fibroscan™ was 32 months. A single operator was used to perform all the Fibroscans™ to reduce inter operator variability.
